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S1. Mathematical expressions for fitting SHG-RA data 
The elements for the electric quadrupole susceptibility tensor, 𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐸𝐸𝐸𝐸 , for the point group 2/m are 
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For a normally incident beam (i.e. 𝐸𝐸𝑧𝑧  = 0, 𝑘𝑘𝑥𝑥 = 𝑘𝑘𝑦𝑦 = 0), using the expression 𝐸𝐸𝑖𝑖(2𝜔𝜔) =
𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐸𝐸𝐸𝐸 𝐸𝐸𝑖𝑖(𝜔𝜔)∇𝑖𝑖𝐸𝐸𝑖𝑖(𝜔𝜔) = 𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸 𝐸𝐸𝑖𝑖(𝜔𝜔)𝑘𝑘𝑖𝑖𝐸𝐸𝑖𝑖(𝜔𝜔), the SHG-RA intensity in parallel polarization geometry 
is given by  
                  𝐼𝐼(2𝜔𝜔,𝜙𝜙) ∝ �(𝜒𝜒𝑥𝑥𝑦𝑦𝑧𝑧𝑦𝑦+ 𝜒𝜒𝑦𝑦𝑥𝑥𝑧𝑧𝑦𝑦 + 𝜒𝜒𝑦𝑦𝑦𝑦𝑧𝑧𝑥𝑥) cos2 𝜙𝜙 sin𝜙𝜙 + 𝜒𝜒𝑥𝑥𝑥𝑥𝑧𝑧𝑥𝑥 sin3 𝜙𝜙�2              (1) 
 
where 𝜙𝜙 is the angle between the polarization axis of incoming/outgoing beams and the crystal a 
axis. The tensor elements for the surface electric dipole susceptibility tensor, 𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸, can be found 
from the bulk electric dipole susceptibility tensor of the point group m as 
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For a normally incident beam, using the expression 𝐸𝐸𝑖𝑖(2𝜔𝜔) = 𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖(𝜔𝜔)𝐸𝐸𝑖𝑖(𝜔𝜔), the SHG intensity 
in the parallel polarization geometry is given by 
                𝐼𝐼(2𝜔𝜔,𝜙𝜙) ∝ ��𝜒𝜒𝑥𝑥𝑦𝑦𝑦𝑦+ 𝜒𝜒𝑦𝑦𝑥𝑥𝑦𝑦+ 𝜒𝜒𝑦𝑦𝑦𝑦𝑥𝑥� cos2 𝜙𝜙 sin𝜙𝜙 + 𝜒𝜒𝑥𝑥𝑥𝑥𝑥𝑥 sin3 𝜙𝜙�2                 (2) 
 
It can be seen that the functional form of the bulk electric quadrupole contribution and the surface 
electric dipole contribution to SHG are identical. 
 
The tensor elements for the magnetically induced electric dipole susceptibility for the magnetic 
point group 2′/m are derived in [S1] and shown to be identical to the above form of 𝜒𝜒𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸 for the 
surface electric dipole susceptibility. Therefore, the expression for the magnetically induced SHG 
below TAF is identical to equation (2).  
 
 
 
 
 
 
 
 
S2. Laser induced heating of MnPS3                            
 
Figure S1. SHG from isolated MnPS3 flake (top row) and from thermally anchored MnPS3 flake (bottom 
row). (a) Optical image of an isolated thick flake of MnPS3. The dark circle designates the beam spot size 
(~30 µm diameter). (b) Temperature dependence of SHG intensity along the peak of the SHG-RA pattern. 
(c) Optical image showing gold plate and electrodes in thermal contact with MnPS3 flakes. The gold plate is 
thermally anchored to the cryostat heat bath by silver epoxy. (d) Temperature dependence of the SHG 
intensity with two different incident beam powers. 
 
The effect of laser-induced heating is demonstrated by the temperature dependence of SHG 
intensity (along the 0° peak of SHG-RA pattern) in Figure S1. For an isolated flake (thickness > 50 
nm), we observe the SHG intensity to be constant within noise between 30 K and 80 K. For a 
thermally anchored MnPS3 flake (thickness > 50 nm), the increase in SHG intensity onsets near 72 
K, close to the reported Néel temperature of 78 K. Moreover, laser induced sample heating is 
limited as can be seen from the same onset temperature under 8 mW and 15 mW laser excitation. 
The small difference between the SHG onset temperature and the reported Néel temperature could 
be due to a small temperature gradient between the sample and the cryostat heat bath. 
 
S3. SHG from 3-layer MnPS3 on SiO2/Si 
 
Figure S2. SHG from 3-layer MnPS3 on a SiO2/Si substrate. (a) Optical image showing device with a 3-layer 
region. (b) SHG-RA pattern from 3-layer region acquired at 100 K and 10 K. The slight deformation of the 
SHG-RA pattern is likely due to minor beam misalignment and is not intrinsic to the sample.  
 
We also measured the SHG response from a 3-layer MnPS3 flake on a SiO2/Si substrate. Previous 
works have demonstrated the high sensitivity of SHG to probe ultrathin non-centrosymmetric films 
of vdW and classical ferroelectric materials down to the few nanometer limit [S2,S3]. On our 3-
layer MnPS3 sample, the SHG intensity increases by roughly three-fold from 100 K to 10 K. 
However, this sample degraded quickly upon heating up from base temperature, therefore a detailed 
temperature dependence of SHG is not available. We note that the loss of ac mirror symmetry that 
was observed in the 5.3 nm flake exfoliated onto a SiO2 surface (main text Fig. 4c) is not evident in 
this 3-layer flake. Given that the SiO2/Si substrate is known to be much smoother compared to the 
surface of pure SiO2, the loss of mirror symmetry in the 5.3 nm flake can be attributed to a substrate 
induced strain effect.  
 
 
 
 
S4. SHG-RA data in crossed polarization geometry 
 
 
Figure S3. Parallel (XX) and crossed (YX) polarization combinations for normal incidence 
SHG-RA from a MnPS3 bulk single crystal. The first letter denotes incoming polarization 
direction and the second letter denotes outgoing polarization direction. 
 
We have also performed SHG-RA in crossed polarization geometry (YX) as shown in 
Fig. S3. The mathematical expression for SHG-RA in the YX channel of bulk electric 
quadrupole radiation is                𝐼𝐼𝑌𝑌𝑌𝑌𝐸𝐸𝐸𝐸 (2𝜔𝜔,𝜙𝜙) ∝ �(𝜒𝜒𝑥𝑥𝑥𝑥𝑧𝑧𝑥𝑥− 𝜒𝜒𝑦𝑦𝑥𝑥𝑧𝑧𝑦𝑦 − 𝜒𝜒𝑦𝑦𝑦𝑦𝑧𝑧𝑥𝑥) cos2 𝜙𝜙 sin𝜙𝜙 + 𝜒𝜒𝑥𝑥𝑦𝑦𝑧𝑧𝑦𝑦 sin3 𝜙𝜙�2              (3) 
 
The mathematical expression for SHG-RA in the YX channel from surface or magnetically 
induced bulk electric dipole radiation is                𝐼𝐼𝑌𝑌𝑌𝑌𝐸𝐸𝐸𝐸(2𝜔𝜔,𝜙𝜙) ∝ ��𝜒𝜒𝑥𝑥𝑥𝑥𝑥𝑥 −  𝜒𝜒𝑦𝑦𝑥𝑥𝑦𝑦 −  𝜒𝜒𝑦𝑦𝑦𝑦𝑥𝑥� cos2 𝜙𝜙 sin𝜙𝜙 + 𝜒𝜒𝑥𝑥𝑦𝑦𝑦𝑦 sin3 𝜙𝜙�2                 (4) 
 
It can be seen that the functional form of 𝐼𝐼𝑌𝑌𝑌𝑌
𝐸𝐸𝐸𝐸  and 𝐼𝐼𝑌𝑌𝑌𝑌𝐸𝐸𝐸𝐸 are identical, similar to the case for the 
parallel polarization channel (XX). Therefore, monitoring the additional YX channel does not 
help distinguish between the different sources of SHG or give additional symmetry information. 
Therefore, for detailed temperature dependence of SHG, we only investigated the XX 
polarization channel. 
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